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INTRODUCTION: 


The capital cost for a structure is seldom a one-time cost. Throughout the life of the 
structure it requires periodic maintenance, rehabilitation and replacement of various 
components, or the replacement of the structure. 


The goals of the financial analysis are to make rational choices regarding competing 
options both at the project and at the network levels. The main objectives are to arrive at 
the most economical solutions for rehabilitation and replacement of structures and to 
ensure that funds are expended in an effective manner. 


At the project level costs of alternative levels of improvements to a structure are compared 
in determining the most economical option for the structure. At the network level, 
resources are allocated between structures which may have different degrees of defects, 
deteriorations and deficiencies. 


The present value analysis or the incremental benefit/cost ratio analysis may be used for 
decision making among competing alternatives at the project level. The incremental 
benefit/cost ratio analysis is used for decision making among different structures at the 
net-work level. 


Part 1 of this manual outlines the technique used in carrying out the present value analysis 
at the project level. Part 2 deals with the use of incremental benefit-cost ratio analysis at the 
project level, and Part 3 outlines the incremental benefit-cost ratio analysis at the network 
level. 


DEFINITIONS 
Constant Dollar 


Discount Rate 


Life Cycle 


Ministry 


Nominal Dollar 
Present Value 


Rehabilitation 


Residual Life 
Residual Value 


Sensitivity Analysis 


Structure 


The value of goods and services in dollars which have 
the same general value/purchasing power over time. 


The rate used to discount a future cost to obtain the 
present value. (Rate recommended by the Treasury 
Board of Canada or the ministry responsible for public 
projects.) 


Time between two successive replacements or 
rehabilitation operations. 


Ministry of Transportation of Ontario. 


The value of goods and services in terms of "cash" 
price or "cost" at the time the survey is taken. 


The value in today’s dollar to obtain goods and 
services at any future date. 


Any modification, alteration or improvement to a 
structure or its components which is designed to 
correct defects, deterioration and deficiencies for a 
particular life and live load level. 


The useful life of the structure at the end of the time 
frame considered. 


The value in dollars of an alternate at the end of the 
time frame considered in the analysis. 


A technique where different values for uncertain _ 
variables are used to construct alternative scenarios of 
outcomes. 


Bridge, culvert, tunnel, retaining wall or sign support 
structure. 
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NOTATIONS 


Cost 

Expected cost 
Estimated cost 
General inflations rate 


Inflation in the Construction Industry - Comparable to the tender 
price index 


Life cycle in years; the period in years considered for life cycle 
analysis. 


Number of years 

Principal 

Probability of occurrence 
Present value 

Discount rate 

Estimated variation of cost 
Uniform cost 


Gradient 
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PRESENT VALUE ANALYSIS 


-- PROJECT LEVEL -- 


Part 1 
18) 


“5 
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- Present Value Analysis 


Scope 


Present Value Analysis 
Inflation 


Project Level Financial Analysis 
1.4.1 General 

1.4.2 Levels of Analysis 

1.4.3 Sensitivity Analysis 


arameters required for the Financial Analysis 
General 

Capital Cost 

Life Cycle 

Residual Life 

Maintenance Costs 

Probabilities of Occurrences 
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resent Value Analysis using PRVAL Program 
.1 Running PRVAL from Floppy Disk Drives 
.2 Running PRVAL from Hard Disk Drive 
.3 PRVAL Input Screens 

Printing Outputs from PRVAL Program 


4 

m 

.7.1 Level 1 Analysis - Capital Costs 

.7.2 Level 2 Analysis - Capital Cost and Residual Value 

.7.3 Level 3 Analysis - Capital Cost, Residual Value 
and Maintenance Cost 

.7.4 Level 4 Analysis - Probability Analysis 


Appendix A.1.1 - Present Value Analysis 
Appendix A.1.2 - Effects of Inflation 
Appendix A.1.3 - Assumed Life Spans 
Appendix A.1.4 - Residual Value Analysis 
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Part 1 - Present Value Analysis 
1.1 Scope 


The present value analysis technique is used to choose between competing alternatives of 
rehabilitation and replacement options for structures at the project level. Software based 
on Lotus 1-2-3, Version 2.01 is used to carry out the analysis and the procedures are 
illustrated with examples. 


1.2 Present Value Analysis 


The present value analysis technique involves the calculation of the cost of alternative 
schemes in present day dollars, i.e. the dollars that are required in today’s value to obtain 
goods and services at any future date. This is based on the simple investment principle: 


A capital or principal P invested for n years at an interest rate r, compounds to a sum C 
such that, 


C= FP Cl-aiae 
or restated, the present value P, of a capital C spent in year n at a discount rate r is given 
by, 


in iS 
Glisten) ° 

This is the basis for the present value analysis. For further details of the theory of SEEN: 
value analysis see Appendix A.1.1 
In general, wnen comparing alternatives, the alternative with the least present cost is the 
preferred alternative. This allows for the comparison of alternative schemes on an equitable 
basis. 
1.3 Inflation 
Variations in costs may occur due to general inflation or deflation. All cost estimates of 
engineering projects should be carried out in paper dollars. Treasury Board’s 
publication on Guide to Benefit-Cost Analysis '] recommends that these cost estimates 
should not be increased for inflation. 


For details of the effect of inflation on the analysis see Appendix A.1.2. 


1.4 Project Level Financial Analysis 


1.4.1 General 
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At the project level the financial analysis may be undertaken for the whole structure or a 
major component of it. 

1.4.2 Levels of Analysis 

The present value analysis may be carried out at four levels of sophistication depending on 
the availability of reliable information pertaining to various costs. The reliability increases 
from level 1 to level 4. 

a) Level 1 Analysis - Capital Costs 


Uses only the capital costs involved during the assumed life cycle. The residual value of the 
structure and the maintenance costs are neglected. ; 


b) Level 2 Analysis - Capital Costs and Residual Values 

Uses the capital costs and residual values but excludes maintenance costs. 

c) Level 3 Analysis - Capital Costs, Residual Values and Maintenance Costs 

Uses all associated costs including capital costs, residual values and maintenance costs. 
d) Level 4 Analysis - Probability Analysis 


This is same as level 3 but includes a probability analysis allowing for uncertainty with 
respect to costs. 


1.4.3 Sensitivity Analysis 
When the magnitude of the discount rate to be used is in question, a sensitivity analysis 
may be performed by varying the discount rate. This may be carried out at any of the four 


levels of analysis. The sensitivity analysis would assist the decision-maker in arriving at a 
more cost effective solution. . 


1.5 Parameters Required for the Financial Analysis 
1.5.1 General 


The following parameters are required to perform the financial analysis. Table 1.5.1 
indicates which of these parameters are needed for the various levels of financial analysis. 


a) Parameters related to the proposed rehabilitation or replacement of each alternative. 
- Capital costs 
- Life cycle 


- Residual life 
- Future maintenance costs 
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b) Parameters related to the existing condition of the structure. 
- Estimated residual life without remedial work. 


c) Discount Rate 


- Rate recommended by the Treasury Board of Canada 
- Variations in discount rate 


> enes ae ee ae 
[Capital Costs Costs 
ee 
Pre 
Futuremaintenancecosts | | | Yes 


Probabilities in cost 
variations 


1.5.2 Capital Cost 


These costs include the following: 
a) Replacement cost 
b) Rehabilitation cost 


The Project Engineer should estimate the following costs for each alternative in constant 
dollar terms. 


. Engineering design cost 
. Construction cost, including traffic and enviornmental protection costs. 
. Miscellaneous costs such as: 

. Demolition 

. Right-of-Way 

. Approaches 

. Utilities 

. Stream diversion 

. Detours, 

. Others 
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1.5.3 Life Cycle 


The Project Engineer should estimate the time period over which the financial analysis is to 
be carried out, usually 50 years. The life cycle of each alternative should be estimated. 
Usually, it is the time between two successive replacements or rehabilitations. 


For example, the life cycle of a new deck with epoxy coated reinforcement is about 50 
years, but the life cycle of the asphaltic pavement is about 15 years. Assumed life cycles 
for various types of rehabilitations are given in Appendix A.1.3. 


1.5.4 Residual Life 


The various alternatives considered may have useful lives at the end of the time-period. 
This is termed as the residual life. Assessment of residual life is a difficult task. There are 
no specific methods in assessing this. A thorough knowledge of the performance of past 
rehabilitations and experienced engineering judgement are probably the best way of 
assessing the useful residual life. From the residual life, the residual value of the structure is 
calculated. See Appendix A.1.4. for details. 


1.5.5 Maintenance Costs 


Costs associated with maintenance include minor repairs, maintenance, touch-up painting, 
etc., carried out on a regular basis to minimize the incidence of costly and dangerous 
Situations that may arise from deterioration of the structure. 


The impact of maintenance costs is generally not very significant on the majority of 
projects, but may be useful to consider when the present value of two alternatives are close 
to each other. However, if these costs are not available the analysis could be performed 
without them. Costs for routine maintenance may be available from the District 
Maintenance office or Maintenance Branch. 


1.5.6 Probabilities of Occurrences 


In an environment of uncertainties determining accurate cost estimates is difficult. The 
project engineer should assign the estimated variations of costs, Vc, and the probability of 
their occurrence, Pp taking into account variables such as local environmental conditions, 
construction climate etc. 


LG A Gio) eee Cr are n estimated costs with probabilities of occurrence, P4, Pd, ............ Dn 
for an option, then the expected cost C® for that option is given by: 


C& = p1C7{ + paCo + ........:.. + PnCp 
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Table 1.5.6 shows the cost variations and the probabilities of occurrence for a rehabilitation 
project with two options. Each option is assessed to have the following four possible 
variations in cost. 


- Same as the estimated cost; 

- 10% less than the estimated cost; 
- 10% more than the estimated cost; 
- 20% more than the estimated cost 


Probabilities assigned to each of these cost variations are assessed at 0.6, 0.15, 0.15, 0.1 
respectively, for option 1, i.e. 


- 0.6 is the probability that the estimate is same as calculated; 
- 0.15 is the probability that the cost is 10% less, or 10% more than the estimate; 
- 0.10 is the probability that the cost is 20% more than the estimate. 


Similarly, probabilities of 0.7, 0.10, 0.15 and 0.05 are assigned to the cost variations for 
option 2. 


= t Uncertainti 


Estimated Variation | Estimated Cost Probability of Occurrence (pp) 
of Cost 


(Vc) Option (1) Option (2) 


V4= As calculated 
Vo= -10% 
V3= +10% 
V4= +20% 


Expected cost, C® (option 1) = 0.607 + 0.15Co + 0.15C3 + 0.1C4 


Expected cost, C® (option 2) = 0.7C; + 0.1Co + 0.15C3 + 0.05C4 
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1.5.7 Discount Rate 
Benefits and costs of government expenditure may be realized over different time periods. 
To allow projects to be compared on an equitable basis the costs and benefits should be 
multiplied by a discount factor. 
Discount factor = | ] 
Ch sei ys 


Where r is the discount rate and n is the number of the years. The appropriate discount 
rate for government projects will depend on several factors[¢], such as magnitude of 
investment return, tax rates, capital market conditions, preferences for current and future 
consumption, methods used to finance projects etc. 

Treasury Board’s publication on ’Guide to Benefit-Cost Analysis’[1], recommends that 
analysts use a discount rate ot 10% and perform a sensitivity analysis using discount rates 
of 5% and 15%. NCHRP 29313] recommends a discount rate of 6% for Bridges in USA. 


A discount rate of 6% is recommended in this manual. Sensitivity analysis should be 
carried out by varing the discount rate. 


1.6 Present Value Analysis Using PRVAL Program 

PRVAL is a template overlay developed to perform financial analysis for bridge rehabilitation 
projects using Lotus 1-2-3, Version 2.01, on a worksheet format. There are four different 
options available to carry out the financial analysis as given in Section 1.4.2. Sensitivity 
analysis can be carried out for each level by varying the discount rate. 

This program carries out the analysis as the input is entered. 

The four options available are: 

PRVALO1.WK1 - Level 1 Analysis - Capital Costs. 

PRVALO2.WK1 - Level 2 Analysis - Capital Costs and Residual Values. 


PRVALO3.WK1 - Level 3 Analysis - Capital Costs, Residual Values and Maintenance 
Costs 7 


PRVALO4.WK1 - Level 4 Analysis - Probability Analysis 


1.6.1 Running PRVAL from Floppy Disk Drives 


The PRVALO1.WK1, PRVALO2.WK1, PRVALO3.WK1 and PRVALO4.WK1 files are in a 
directory called PRVAL on the disk 1 supplied with this manual. 


Load Lotus 1-2-3, Version 2.01 and retrieve PRVAL directory to choose the four files in that 
directory. 
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1.6.2 Running PRVAL from Hard Disk Drive 
Create a subdirectory called PRVAL and copy the four files PRVALO1.WK1, PRVALO2.WK1, 


PRVALO3.WK1 and PRVALO4.WK1 into PRVAL subdirectory. Load Lotus 1-2-3, Version 
2.01, and retrieve the subdirectory PRVAL to choose the four files in that subdirectory. 
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Taldos INPUT SCREENS FOR PRVAL PROGRAM 


INSTRUCTIONS TO USER: 


During the analysis if you wish to access Instructions to user screen 
or input tables to make changes, do the following : 


INSTRUCTIONS TO USER: alt.h 
INPUT 1 alt.i 
INPUT 2 alt.j 
INPUT 3 alt.k 
INPUT 4 alt.l 
INPUT 5 alt.m 
Print alt.p 


- alt.a builds up the required Input table 3 from data 
in INPUT 1 


- Do not press alt.a to do revisions, unless the number of options 
are different. 


INPUT -1- COST ESTIMATE FOR EACH TREATMENT 


Name of Structure : (max. 14 characters) 
Site Number : (start with ') 
Number of Options Considered : (max 4) 
Discount Rate : (0.06 recommended) 
Number of Rows to be ent-red : (max 50) 
Time period : (normally 50 years) 


COMMENTS : 


- This screen is common to all four levels. 

- The Discount Rate must be expressed in decimal form to two places. 

- Number of rows to be entered. These are the rows to be entered 
in INPUT 3. For levels 1 and 2 fifteen rows are recommended. For 
levels 3 and 4 the recommended maximum is fifty. However the program 
can handle more than fifty. 
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INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


| 
| 
| 
| 
Design | 
Construction | 
Demolition | 
Right-of-Way | 
Approaches | 
Utilities | 
Creek Diversion| 

| 

| 

| 

| 


COMMENTS : 


- This table is common to all four levels. 
- Under each Treatment describe the type of rehabilitation or replacement. 
( 2 rows are available for this.) 
- Enter cost estimates for each treatment under the headings shown. 
These headings were chosen to ensure all costs are accounted for. 
- Totals are calculated by the program automatically. 
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INPUT 3 - LIFE CYCLE COST DATA 


COMMENTS : 


- This table is common to all four levels. 
- The costs are obtained from Input 2. 
- Enter the year and the costs which occur in that year for each option. 
- The table size will vary according to the number of rows and 
the number of options entered in Input 1. 


» 


INPUT -4- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 
| Options Replacement 
Year 


Cost | 


| 
| 
| 
| 
| 
2 | 
| 
| 
| 
| 
| 


COMMENTS : 


- This table is required for levels 2,3 and 4 
- Enter Second Cycle Replacement costs in constant dollar terms. 
i.e. the second cycle replacement COST is the same for each 
option, but the second cycle replacement YEAR is different. 
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INPUT -5- TABLE FOR COST UNCERTAINTIES 


| | 
| Estimated | Estimated | 
|Variation of Cost | 
| Ve | | Option 1 
| | | 

| | 
|V1 = As Calculated| Cn | P1 = 
| | | 
|v2 = oie 1.00 Cn | P2 = 
| | | 
|v3 = a 1.00 Cn | P3 = 
| | | 
|v = <meniee 1.00 ch [Pa = 
| | 

| 0.00 

COMMENTS : 


Probability of Occurrence 
(pn) 


- This table is required only for level 4 analysis. 


- Enter % of variations. 
- Enter probabilities of occurrence. 


- A sound judgement is required in assigning probabilities to the 


different cost variations. 


1.6.4 PRINTING OUTPUT from PRVAL Program. 


- After all the input has been entered and the program has finished 
the calculations, save the file under a unique name. 


- To print the output files type alt.p 
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1.7 Examples of Financial Analysis 

The example is the selection of the most economical! option for a deck rehabilitation project. 
The project engineer has come up with the following data and options as part of his 
engineering assessment. 

a) The time period to be considered is 50 years. 


b) The life cycle for each treatment is as follows: 


1. Deck replacement 50 years 
2. Rehabilitation - Overlay, Waterproof and Pave 30 years 
3. Milling and replacing top asphalt surface 15 years 
4. Replace waterproofing and asphalt 30 years 
5. Residual life without rehabilitation 5 years 


c) The cost of each rehabilitation type is given in Table 1.7: 


Table 1.7 Costs 


Rehabilitation 
Treatment 1 Treatment 2 Treatment 3 Treatment 4 


Deck Overlay, Milling & Replace 
Replacement Waterproof Replacing top | Waterproofing 
and pave asphalt surface 
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d) The three options considered are: 


Option (1) Immediate rehabilitation: overlay, waterproof and pave. This would extend 
the useful life of the deck by 30 years, after which the deck will be 
replaced. 


. In year 15 mill and replace the top asphalt surface 
. In year 30 replace deck 

. In year 45 mill and replace the top asphalt surface 
. No further capital cost till year 50 but the 

. deck will have to be replaced in year 80 


Option (2) Do nothing now and replace the deck, waterproof and pave in 5 years, at 
the end of the useful life of the deck. 


. In year 20 mill and replace the top asphalt 
surface 

. In year 35 replace waterproofing and asphalt 

. In year 50 mill and replace the top asphalt 

. Since the life cycle of replacement is 50 
years, the bridge will need to be replaced 
in year 55. 


Option (3) Immediate replacement of the deck, waterproof and pave 


. In year 15 mill and replace the top asphalt 
surface 

. In year 30 replace waterproofing and asphalt 

. In year 45 mill and replace top asphalt surface 

. In year 50, time for another replacement. A 
decision has to be made at that time. 


. 


Financial analysis is performed at the four different levels of sophistication, for the above 
example as shown in Sections 1.7.1 to 1.7.4. 
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sien FINANCIAL ANALYSIS (LEVEL 1) 


INPUT -1- GENERAL 


Name of Structure :B.M BRIDGE 1 (max. 14 characters) 


Site Number :23-0001 (start with ') 
Number of Options Considered : 3 (max 4) 
Discount Rate : 0.06 (0.06 recommended) 
Number of Rows to be entered : 8 (max 15) 
Life Cycle for Replacement : 50 


INPUT - 2 - COST ESTIMATE FOR EACH TREATMENT 


| Treatment 1 | Treatment 2 | Treatment 3 | Treatment 4 | 


| 

| Item |Deck Replace-|O/lay, Water |Mill & Repl. |Repl. Water | 
| |ment |proof & Pave |top course’ |proof & Asph. | 
|eseoeseeeeeeeee |>-eseseseeees eee oes oes | 
|Design | 50000 | 30000 | 5000 | 5000 | 
|Construction — | 700000 | 450000 | 80000 | 190000 | 
|Demolition | | | | | 
|Right-of-Way | | | | | 
| Approaches | 50000 | 20000 | 5000 | 5000 | 
|Utilities | | | | | 
|Creek Diversion| | | | | 
|Detour | 200000 | 100000 | 10000 | 50000 | 
Jother | | | | | 
|-s2eeeeeeeeeee Eesaeeiee w+ |sseeeeseseses Poe oe | 
|Total | $1,000,000 | $600,000 | $100,000 | $250,000 | 


INPUT - 3 - COST DATA FOR EACH OPTION 


| Year | Option 1 | Option 2 | Option3 | 
[evseee [eseteeeseeees [esssoseeeeees eee | 
| o| 600000 | | 1000000 | 
Sai | 1000000 | | 
ii5e| 100000 | | 100000 | 
| 20 | | 100000 | | 
| 30 | 1000000 | | 250000 | 
res5 | | 250000 | | 
css 250000 | | 100000 | 
| 50 | 


| 100000 | | 


OUTPUT - LEVEL 1 ANALYSIS 


|| || OPTION 1 | 
|| Year || | 
| | || Cost | Pres.Value | 
| en | 
| | 0 || 600,000 | 600,000 | 
Kuge Eb 0 | 0 | 
|| 15 || 100,000 | Glererat 
|| 20 || On 0 | 
|| 30 ||1,000,000 | 174,110 | 
| 35 || 0 | 0 | 
|| 45 || 250,000 | 18,163 | 
[| 50 || 0 | 0 | 
peg eg | 

Total Present Value: $833 ,999 


OPTION 2 

Cost | Pres.Value 

| 
0 | 0 
1,000,000 | 747,258 
0 | 0 
100,000 | 31, 180 
0 | 0 
250,000 | 32,526 
0 | 0 
100,000 | 5,429 

| 
$816,394 
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| | OPTION 3 | | 
| | 
|| Cost | Pres.Value || 
| | 
||1,000,000 | 1,000,000 || 
| 0 | 0 || 
|| 100,000 | 41,727 || 
| 0 | 0 || 
|| 250,000 | 43,528 || 
| why 0 || 
|| 100,000 | 7,265 || 
|| 0 0 || 

| 

$1,092,519 


Pray: FINANCIAL ANALYSIS (LEVEL 2) 


INPUT -1- GENERAL 


Name of Structure :B.M BRIDGE 2 (max. 14 characters) 


Site Number :23-0002 (start with ') 
Number of Options : 3 (max 4) 
Discount Rate : 0.06 (0.06 recommended) 
Number of Rows to be entered : 8 (max 50) 
Life Cycle for Replacement : 50 


INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


| Treatment 1 | Treatment 2 | Treatment 3 | Treatment 4 


| | 
| Item |Deck Replace-|O/lay, Water |Mill & Repl. |Repl. Water | 
| |ment |proof & Pave |top course |proof & Asph. | 
|evesseceseee Jeresoesseee oe oes [esoesceeestes | 
|Design | 50,000 | 30,000 | 5,000 | 5,000 | 
[construction | 700,000 | 450,000 | 80,000 | 190,000 | 
|Demolition | | | | | 
|Right-of-Way | | | | | 
| Approaches | 50,000 | 20,000 | 5,000 | 5,000 | 
|Utilities | | | | | 
|Creek Diversion| | | | | 
|Detour | 200,000 | 100,000 | 10,000 | 50,000 | 
jother | | | | | 
|eoeoeeesesees eee |eseoeceeetes- |eseeesseeees |eoeeeseseoe- | 
|Total | $1,000,000 | $600,000 | $100,000 | $250,000 | 


| Year | Option 1 | Option 2 | Option3 | 
[--222+|oeoeeeeeeene- |---teveeeeee- |-vesseseee0e> | 
| 0| 600,000 | | 1,000,000 | 
ee | 1,000,000 | 

hei || 100,000 | | 100,000 | 
(of 20: | | 100,000 | 

| 30 | 1,000,000 | | 250,000 | 
(esse | | 250,000 | 

| 45 | 100,000 | | 100,000 | 
| 50 | | 100,000 | | 


ileal 


INPUT -4- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 


| Option | Replacement | Cost | 
| | Year = | | 
peoscosteaats aaa ae | 
| 1 | 80 | 1,000,000 | 
peverodeiees pean bet gts 
| 2 | 55 | 1,000,000 | 
Pomona Piegee ses FeO aes 
| 3 | 50 | 1,000,000 | 
bss ait oar: i | 
OUTPUT - LEVEL 2 ANALYSIS 
| | || OPTION 1 || OPTION 2 
|| Year || || 
| | || Cost | Pres.Value || Cost | Pres.Value 
| pee | || | 
| | 0 || 600,000 | 600,000 || 0 | 0 
|| Sai 0 | 0 ||1,000,000 | 747,258 
|| 15 |] 100,000 | Gy, (er || 0 | 0 
fii 220° || 0 | 0 || 100,000 | 31,180 
|| 30 ||1,000,000 | 174,110 || 0 | 0 
tes || 0 | 0 || 250,000 | 32,526 
biee459|' |) 1000005] 7, c0a 1) 0 | 0 
Hie 0 || 0 | 0 || 100,000 | 5,429 
lessees = aes oom eens eee gee | 
Total Present Value: $823, 102 $816,394 
Residual Value : ($44 , 836) ($13,721) 
Net Present Value : $778,265 $802 ,673 


| | OPTION 3 
|| 
|| Cost | Pres.Value 
| | 
|]1,000,000 | 1,000,000 
|| 0 | 0 
|| 100,000 | 41,727 
|| 0 | 0 
|| 250,000 | 43,528 
| 0 | 0 
|| 100,000 | 7,265 
|| 0 | 0 
| 
$1,092,519 
$0 
$1,092,519 


Wstho® FINANCIAL ANALYSIS (LEVEL 3) 


INPUT -1- GENERAL 


Name of Structure 
Site Number 


Number of Options Considered : 
Discount Rate : 
Number of Rows to be entered : 


Life Cycle for Replacement 


:B.M BRIDGE 3. (max. 14 characters) 
223-0003 (start with ') 
3 (max 4) 
0.06 (0.06 recommended) 
50 (max 50) 
50 


INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


| 

| Item 

| |ment 

|z-2seeeseseeee |eseeeoeseoees ee 
|Design | 50,000 

|Construction | 700, 000 

|Demolition | 

Right-of-Way | 

| Approaches | 50,000 

|Utilities | 

|Creek Diversion| 

|Detour | 200,000 

|Other | 

|eseeseeeeseeee |evossecscsees [eseeeeeeees 
|Total | $1,000,000 


|proof & Pave 


450,000 


20,000 


100, 000 


$600 , 000 


top course 


$100,000 
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| Treatment 1 | Treatment 2 | Treatment 3 | Treatment 4 


| 
|Deck Replace-|O/lay, Water |Mill & Repl. |Repl. Water | 
| 


|proof & Asph. 


5,000 


$250,000 | 


- pent ne on 


where 


INPUT -3- COST DATA FOR EACH OPTION 


— 
OD OON OU FWP AS Oo 


— 
— 


ay Sy ey eS ES 
nu & WP 


17 


No — — 
Oo 0 & 


mM rm 
nN — 


23 


100,000 
2,000 
2,000 
2,000 
2,000 
2,000 
7,000 
7,000 
7,000 
7,000 
7,000 

10,000 
10,000 
10,000 
10,000 

1,000,000 

3,000 


100, 000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8,000 
8,000 
8,000 
8,000 
10,000 
10,000 
10,000 
10,000 

250,000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8,000 
8,000 
8, 000 
8,000 
10,000 
10,000 
10,000 
10,000 

100, 000 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
100,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
10,000 | 
10,000 | 
10,000 | 
10,000 | 
250,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
10,000 | 
10,000 | 
10,000 | 
10,000 | 
100,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
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INPUT -4- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 


| Option | Replacement | Cost | 
| | Year | | 
[-se-e0e0e02-- |-seoeeeeeees- one | 
| 1 | 80 | $1,000,000 | 
|-se--eeeeee- eee oeeeeeeee | 
| 2 | 55 | $1,000,000 | 
|>reoeeseeeee: |--2eeseesees |-veeteeeteee- | 
| 3 | 50 | $1,000,000 | 
|eseseseeeeees |esseseseeee- |>seoeeenseees | 
OUTPUT - LEVEL 3 ANALYSIS 
| | OPTION 1 || OPTION 2 | | OPTION 3 
Year || || || 
|| Cost |Pres.Value || Cost |Pres.Value || Cost  |Pres.Value 
| | en ees | | een reer ee | S| 
0 || 600,000 | 600,000 || 10,000 | 10,000 ||1,000,000 | 1,000,000 
101] 7 es occg! 2,830 || 10,000 | 9,434 || 2,000 | 1,887 
2|| 3,000 | 2,670 || 10,000 | 8,900 || 2,000 | 1,780 
3 || 3,000 | 2,519 || 10,000 | 8,396 || 2,000 | 1,679 
4 |] 3,000 | 2,376 || 10,000 | 7,921 || 2,000 | 1,584 
5 || 3,000 | 2,242 ||1,000,000 | 747,258 || 2, 000 | 1,495 
6 || 8,000 | 5,640 || 2,000 | 1,410 || 7,000 | 4,935 
7 || 8,000 | 5,320 || - 2,000 | 1,330°|| 7,000 | 4,655 
8 || 8,000 | 5,019 || 2,000 | 1,255 || 7,000 | 4,392 
9 (58,0008 ime 4,735 || 2, 0008] 1,184 || 7,000 | 4,143 
10 || 8,000 | 4,467 |] 2,000 | 1,117 || 7,000 | 3,909 
11, || 10,000 | 5,268 || 7,000 | 3,688 || 10,000 | 5,268 
12 |] 10,000] 4,970 || 7,000] 3,479 |] 10,000 | 4,970 
13 || 10,000 | 4,688 || 7,000 | 3,282 || 10,000 | 4, 688 
14 |] 10,000 | 4,423 || 7,000] 3,096 || 10,000 | 4,423 
15 || 100,000 | 41,727 || 7,000] 2,921 || 100,000 | 41,727 
16 || 2,000 | 787 || 10,000 | 3,936 || 3,000 | 1,181 
17 || 2,000 | 743 || 10,000] 3,714 || 3,000 | 1,114 
18 || 2,000 | 701 || 10,000 | 3,503 || 3,000 | 1,051 
19 || 2,000 | 661 || 10,000 | 3,305 || 3,000 | 992 
20 || 2,000 | 624 || 100,000 | 31,180 || 3,000 | 935 
21 || 7,000 | 2,059 || —- 3, 000 | 882 || 8,000 | 2,353 
22 || 7,000 | 1,943 || 3,000 | 833 || 8,000] 2,220 
23 || 7,000 | 1,833 || 3,000 | 785 || 8,000 | 2,094 
24 || 7,000 | 1,729 || 3,000 | 741 || 8,000 | 1,976 
25 || 7,000 | 1,631 || 3,000 | 699 || 8,000 | 1,864 
26 || 10,000 | 2,198 || 8, 000 | 1,758 || 10,000 | 2,198 
27 || 10,000 | 2,074 || —8, 000 | 1,659 || 10,000 | 2,074 
28 || 10,000 | 1,956 || 8,000 | 1,565 || 10,000 | 1,956 
29 || 10,000 | 1,846 || 8,000 | 1,476 || 10,000 | 1,846 
30 ||1,000,000 | 174,110 || 8, 000 | 1,393 || 250,000 | 43,528 
31 || 3,000 | 493 || 10,000 | 1,643 || 3,000 | 493 
32 || 3,000 | 465 || 10,000 | 1,550 || 3,000 | 465 
33 || 3,000 | 439 || 10,000 | 1,462 || 3,000 | 439 
34 || 3,000 | 414 || 10,000 | 1,379 |] 3,000 | 414 
35 || 3,000 | 390 || 250,000 | 32,526 || 3,000 | 390 
36 || 8,000 | 982 || 3,000 | 368 || 8,000 | 982 
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| 40 
cee | 
| 42 
4s 
| 44 
| 45 
| 46 
147 
| 48 
| 49 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
|| 50 


| 8,000 | 
| 8,000 | 
| 8,000 | 
| 8,000 | 
| 10,000 | 
| 10,000 | 
| 10,000 | 
| 10,000 | 
| 100,000 | 
| 3,000 | 
| 3,000 | 
| 3,000 | 
| 3,000 | 
| 3,000 | 

| 


Total Present Value: 
Residual Value : 


Net Present Value : 


$911,924 
($44,836) 


$867, 088 


3,000 
“3,000 
3,000 
3,000 
8,000 
8,000 
8,000 
8, 000 
8,000 
10,000 
10,000 
10,000 
10,000 
100,000 


$923 ,527 
($13,721) 


$909 , 806 
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8,000 
8,000 
8, 000 
8, 000 

10,000 
10,000 
10,000 
10,000 

100,000 

3,000 


$0 


$1,177,053 


tathats FINANCIAL ANALYSIS (LEVEL 4) 


INPUT -1- GENERAL 


Name of Structure :B.M BRIDGE 4 (max. 14 characters) 


Site Number :123-0004 (start with ') 
Number of Options Considered : 3 (max 4) 
Discount Rate : 0.06 (0.06 recommended) 
Number of Rows to be entered : 50 (max 50) 
Life Cycle for Replacement : 50 


INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


| Treatment 1 | Treatment 2 | Treatment 3 | Treatment 4 


| 

Item |Deck Replace-|O/lay, Water |Mill & Repl. |Repl. Water | 
|ment |proof & Pave |top course’ |proof & Asph. | 
cisseseseseeees |esesecsscees [ieseeeeeesees [eseeceneeeees feeseececsenes| 
Design | 50000 | 30000 | 5000 | 5000 | 
Construction | 700000 | 450000 | 80000 | 190000 | 
Demolition | | | | | 
Right-of-Way | | | | | 
Approaches _—| 50000 | 20000 | 5000 | 5000 | 
Utilities | | | | | 
Creek Diversion| | | | | 
Detour | 200000 | 100000 | 10000 | 50000 | 
other | | | | | 
coseceeeeeeeee Iasasseepesed tanasessaseeed emaesseepseed iemaseereseeel 
Total | $1,000,000 | $600,000 | $100,000 | $250,000 | 
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INPUT -3- COST DATA FOR EACH OPTION 


ee pe SS ES ee 
OONOUFEFWDYD RSP ODA N AVL WN — O 


Ue FPP KF KK HF KFWWWWWWWWWW DN NNNNNN DN DPE LY 
DOAN AUEFWDY KH ODA NOUF WN S| ODA NA UFWYD — OO 


600,000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8,000 
8,000 
8,000 
8,000 

10,000 
10,000 
10,000 
10,000 
100, 000 
2,000 
2,000 
2,000 
2,000 
2,000 
7,000 
7,000 
7,000 
7,000 
7,000 
10,000 
10,000 
10,000 
10,000 

1,000,000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8,000 
8, 000 
8,000 
8,000 

10,000 
10,000 
10,000 
10,000 
250,000 
3,000 
3,000 
3,000 
3,000 
3,000 


10,000 
1,000,000 
2,000 
2,000 
2,000 
2,000 
2,000 
7,000 
7,000 
7,000 
7,000 
7,000 
10,000 
10,000 
10,000 
10,000 
100,000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8,000 
8,000 
8,000 
8,000 
10,000 
10,000 
10,000 
10,000 
250,000 
3,000 
3,000 
3,000 
3,000 
3,000 
8,000 
8, 000 
8,000 
8,000 
8, 000 
10,000 
10,000 
10,000 
10,000 
100,000 


1,000,000 | 
2,000 | 
2,000 | 
2,000 | 
2,000 | 
2,000 | 
7,000 | 
7,000 | 
7,000 | 
7,000 | 
7,000 | 

10,000 | 
10,000 | 
10,000 | 
10,000 | 
100,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
10,000 | 
10,000 | 
10,000 | 
10,000 | 
250,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
8,000 | 
10,000 | 
10,000 | 
10,000 | 
10,000 | 
200,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
3,000 | 
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INPUT -4- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 


| Option | Replacement | Cost | 
| | Year | | 
|>oeseoe--=-- |>oeoeeeneoe2- [roroessseeee- | 
| 1 | 80 | $1,000,000 | 
|>veeeeeeseees oe oeeeenee | 
| 2 | 55 | $1,000,000 | 
|-s-s-e2-200- Pe Poors 

| 3 | 50 | $1,000,000 | 


INPUT -5- TABLE FOR COST UNCERTAINTIES 


wee eee eee eee ec ee ee ee ee ee ee eo ee ee eee we ee ee eee em ee ee ee ee ee ee ee ee ee eee ee 


| | 
| Estimated | Estimated | (Pn) | 
[Varietionwofmepsts | seCOosti(Cn) 9 [ae Gage o> a-ak ~~~ s<7~ =~ | 
| (Ve) | | Option 1 | Option 2 | Option 3 | 
| | | | | | 
aeaneen oo pease Pease eee | 
|v1 = As Calculated| Cn | P1 =0.60 | P1 =0.70 | P1 =0.65 | 
| | | | | | 
|v2= -10.00% | 0.90¢n | P2 =0.15 | P2 =0.10 | P2 =0.10 | 
| | | | | | 
|v3 = 10.00% | 1.10 cn | P3 =0.15 | P3 =0.15 | P3 =0.20 | 
| | | | | | 
lv4 = 20.00% | 1.20 ¢n | P4 =0.10 | P4 =0.05 | P4 =0.05 | 
| | a | eee | 
| Myla 00) | ROO] Fee M1200 | 
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OUTPUT LEVEL -4- ANALYSIS 
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Total Present Value: 


| | OPTION 1 
| 
|| Cost |Pres.Value 
| 600, 000 | 600, 000 
|| 3,000 | 2,830 
{| 3,000 | 2,670 
|| 3,000 | 2,519 
|| 3,000 | 2,376 
|| 3,000 | 2,242 
[| 8,000 | 5,640 
|| 8,000 | 5,320 
[| 8,000] 5,019 
\{ 8,000 | 4,735 
|| 8,000 | 4, 467 
|| 10,000 | 5,268 
|| 10,000 | 4,970 
|| 10,000 | 4,688 
{| 10,000 | 4,423 
|| 100,000 | 41,727 
|| 2,000 | 787 
|| 2,000 | 743 
|| 2,000 | 701 
|| 2,000 | 661 
[| 2,000 | 624 
|| 7,000 | 2, 059 
|| 7,000 | 1,943 
|| 7,000 | 1,833 
I], 7,000 | 1,729 
|| 7,000 | 1,631 
|| 10,000 | 2,198 
|| 10,000 | 2,074 
|| 10,000 | 1,956 
|| 10,000 | 1,846 
||1,000,000 | 174,110 
|| 3,000 | 493 
|| 3,000 | 465 
|| 3,000 | 439 
|| 3,000 | 414 
|| 3,000 | 390 
|| 8,000 | 982 
|| 8,000 | 926 
|| 8,000 | 874 
|| 8,000 | 824 
|| 8,000 | 778 
{| 10,000 | 917 
|| 10,000 | 865 
|| 10,000 | 816 
|| 10,000 | 770 
|| 250,000 | 18,163 
|| 3,000 | 206 
|| 3,000 | 194 
|| 3,000 | 183 
|| 3,000 | 173 
|| 3,000 | 163 
[|-----=-=>- | 

$922, 822 


OPTION 2 OPTION 3 

Cost |Pres.Value Cost |Pres.Value 
10,000 | 10,000 ||1,000,000 | 1,000,000 
10,000 | 9,434 2,000 | 1,887 
10,000 | 8, 900 2,000 | 1,780 
10,000 | 8,396 2,000 | 1,679 
10,000 | 7,921 2,000 | 1,584 
1,000,000 | 747,258 2,000 | 1,495 
2,000 | 1,410 7,000 | 4,935 
2,000 | 1,330 7,000 | 4,655 
2,000 | 1,255 7,000 | 4,392 
2,000 | 1,184 7,000 | 4,143 
2,000 | 1,117 7,000 | 3,909 
7,000 | 3,688 10,000 | 5,268 
7,000 | 3,479 10,000 | 4,970 
7,000 | 3,282 10,000 | 4, 688 
7,000 | 3,096 10,000 | 4,423 
7,000 | 2,921 100,000 | 41,727 
10,000 | 3,936 3,000 | 1,181 
10,000 | 3,714 3,000 | 1,114 
10,000 | 3,503 3,000 | 1,051 
10,000 | 3,305 3,000 | 992 
100,000 | 31,180 3,000 | 935 
3,000 | 882 8,000 | 2,353 
3,000 | 833 8,000 | 2,220 
3,000 | 785 8,000 | 2,094 
3,000 | 741 8,000 | 1,976 
3,000 | 699 8,000 | 1, B64 
8,000 | 1,758 10,000 | 2,198 
8,000 | 1,659 10,000 | 2,074 
8,000 | 1,565 10,000 | 1,956 
8,000 | 1.476 10,000 | 1,846 
8,000 | 1,393 250,000 | 43,528 
10,000 | 1,643 3,000 | 493 
10,000 | 1,550 3,000 | 465 
10,000 | 1,462 3,000 | 439 
10,000 | 1,379 3,000 | 414 
250,000 | 32,526 3,000 | 390 
3,000 | 368 8,000 | 982 
3,000 | 347 8,000 | 926 
3,000 | 328 8,000 | 874 
3,000 | 309 8,000 | 824 
3,000 | 292 8,000 | 778 
8,000 | 734 10,000 | 917 
8,000 | 692 10,000 | 865 
8,000 | 653 10,000 | 816 
8,000 | 616 10,000 | 770 
8,000 | 581 200,000 | 14,530 
10,000 | 685 3,000 | 206 
10,000 | 647 3,000 | 194 
10,000 | 610 3,000 | 183 
10,000 | 575 3,000 | 173 
100,000 | 5,429 3,000 | 163 
|-----0220- ||---2-2---- pa 

$923 ,527 $1,184,318 
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FINANCIAL ANALYSIS (LEVEL 4) 


SUMMARY OF FINAL RESULTS 


Total Present Value: 
Residual Value : 


Net Present Value : 


Net Present Value 
Adjusted for uncer- 
tainty in cost 


$922,822 
($44 , 836) 


$877 , 985 


$895 545 


$923 ,527 
($13,721) 


$909, 806 


$923,453 
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$1,184,318 
$0 


$1,184,318 


$1,208,004 
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APPENDIX A.1.1 - Present Value Analysis 


Present values of two options considered for a bridge rehabilitation project are given by: 


PV 1 s ce Option (1) 
= ——_——— ---- Opti 
fart ( ] an Tah) p 
ue we 
PV2= ) ——“— ---- Option (2 
ern CL 
PV4 = present value for option 1. 
PV5 = = present value for option 2. 


The Option which has the least present value is the preferred choice. 

Fig. A.1.1 shows standard formulae for calculating present value for some typical 
expenditure patterns. 

Equations 1, 2 and 3, in figure A.1.1, were used in developing the PRVAL Program. 


Other equations would be useful if a special type of problem is encountered and the 
analysis has to be carried out manually. 
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2. Several Costs at Different Times 
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4. Uniform Gradient 


py-9] Or NX rs (4) 
ie r Gitar) 


5: Perpetual Series 


N 2N 3N — Yrs mN 


PRESENT VALUE CALCULATION BY DISCOUNTING 
Fig. A.1.1 
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Appendix A.1.2 - Effects of Inflation 


During inflation there is a difference between current and real prices, and similarly between 
nominal and real discount rates. 
A.1.2.1 Same rate of inflation for general and construction costs. 


lf the rate of inflation f for general prices and construction costs is same then the relation 
between nominal cost and real cost is given by: 


C,=C,(1+ f)".....(a1) 


where C ,,is the nominal cost at yearn, andC , is 
the real cost at year o. 


The relation between nominal and real discount rate is given by: 
(1+R) = (1+r)(1+f) ..(b1) 


nominal discount rate 
real discount rate 


where R 
r 


for small values of r and f, 
R=r+f 
Substituting in equation (1) and (2) of Figure A.1.8.1 


ya Cy C=)" ee 


Me) CCl iy Cl +n)” 


D : CAS ES ee 
a a Liaena-pAr &asry 


From the above it is evident that f has no effect on the analysis. 


A.1.2.2 Different rates of inflation for general and construction costs. 
If the general prices move at an inflation f and the construction costs move at f He 


equations (a!) and (b1) in A.1.2.1 would become: 
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and 
(1+R) = (1+r)(1+f)..... (b2) 
Substituting in equation (1) of Figure A.1.1 
G Ci@leaa) 
Ye Ee 
Glee) we Clit 1s) Ql): j(i+ rey 
ene 
For small values of r, f and f', 
C, 
aa reap Pathe 7 4 N 
eee or )) 
Where the adjusted discount rate = ; —( ¢!- +) 


The difference between the discount rate r, and the adjusted discount rate is small. 
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APPENDIX A.1.3 - Assumed Life Spans 


The assumed life spans of various treatments vary considerably for a number of reasons, 
and are not available for the new procedures. There is very little documented research data 
on which to base these life spans. The following assumed life spans are based on 
experiences of bridges on high volume freeways. The Engineer may use other values, 
based on his experience. 


Assumed Life, Years 


a. Asphalt 
1. Asphalt Ne 
2. Mastic waterproofing and asphalt 15 
3. Hot applied rubberized waterproofing 30 
. Mill and replace top course of asphait 15 
. Replace waterproofing and asphalt 30 


b. Concrete Deck slabs Exposed Waterproof 
Deck and pave 


1. Ommto 75mm deck slab - plain 
reinforcement, on precast boxes 

2. 75mm to 125 mm deck slab - plain 
reinforcement, on precast boxes 

3. 125mm to 180 mm deck slab on beams 
or girders 
. Plain reinforcement 
. Top layer, epoxy coated 

4. 180 mm to 225 mm deck slab on beams 
or girders 
. Plain reinforcement 
. Top layer, epoxy coated 

5. Solid thick deck slabs 
. Plain reinforcement 
. Top layer, epoxy coated 

6. Voided thick slabs 
. Plain reinforcement 
. Top layer, epoxy coated 


c Overlays 


. Patch waterproof and pave 

. Latex modified concrete overlay 

. Normal slump concrete overlay 

. Conductive Bituminous overlay 

. Conc. overlay and conductive Bituminous 
overlay . 

. Anode mesh, overlay, waterproof & pave 


O) OOM — 
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Coating Systems 


. Alkyd System 

. High Build Alkyd System 

. Inorganic- Zinc / Vinyl System 
Epoxy- Zinc / Vinyl System 

. Aluminum filled Epoximastic System 
. Hot Dip galvanizing 

. Zinc Metallizing 


NOOR Wh 


A-1-6 


Assumed Life, Years 


"ete yi vig 


f ge EF “Tit 


APPENDIX A.1.4 - Residual Value Analysis 


At the end of N34 years Option (1) may have reached its useful life, wnereas option (2) has 
some residual life. This residual life can be translated into residual value. There are several 
methods availabe in calculating the residual value. The method used in this manual is the 


2nd cycle replacement method, shown in Table A.1.4 


Let the 2nd replacement of Option (1) be N4 years. 
and 2nd replacement of Option (2) be No years. 


Table A.1.4 Residual Value Analysis 


Replace- Value at Differen- 
ment cost tial Value 


(option 1 as 


Where r = Discount rate 
C = Replacement cost in constant dollars 
Cy =C 
Co =C1/(1 +r)N2-N1 
Cpi = Ci-C =0 
Cp2 = Ca-C 
Cri =O 
Cro = Cp2/(1+r)N1 
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PART 2 -- INCREMENTAL BENEFIT/COST RATIO ANALYSIS 
-- PROJECT LEVEL -- 
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2.6 


- Incremental Benefit/Cost ratio Analysis - Project Level 


Scope 


Principles of Incremental Benefit /Cost Ratio Analysis at the 
Project Level 


Project Level Analysis 


Parameters Required For Incremental Benefit/Cost Ratio Analysis 
2.4.1 Agency Costs 

2.4.2 Agency Benefits 

2.4.3 User Costs 

2.4.4 User Benefits 


Incremental Benefit /Cost Analyis Using COSBEN Program 
5.1 Running COSBEN from floppy disk drive. 

5.2 Running COSBEN from hard disk drive. 

5.3 COSBEN Input Screens 


xamples of Incremental Benefit/Cost Ratio Analysis 
6.1 Level 1 Analysis - Agency Net Benefit 
6.2 Leyel 2 Analysis - Agency and User Net Benefits 


2 
2 
2 
E 
2 
2 


Appendix A.2.1 Theory of Incremental Benefit/Cost Ratio Analysis 
Appendix A.2.2 Costs Associated with Reduction in Accident Rates 
Appendix A.2.3 Costs Associated with Functional Restrictions 
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Part 2 Incremental Benefit/Cost Ratio Analysis - Project Level. 


2.1 Scope 


At the project level the incremental benefit /cost ratio analysis is used to determine 
cost-effective options and rank them according to their incremental benefit/cost ratios. 


2.2 Principles of Incremental Benefit/Cost Ratio Analysis at the Project Level 


The incremental benefit/cost ratio is the ratio of the additional benefits realized in moving 
from one improvement alternative to another, divided by the corresponding difference in 
costs. This method not only optimizes the selection of alternatives efficiently but also ranks 
the alternatives beginning with the one with the largest incremental benefit/cost ratio. As 
such, it can be used effectively at the project level. 


The procedure is to list rehabilitation alternatives in the order of increasing costs and 
calculate the incremental benefit/cost ratio. Alternatives for which the incremental 
benefit/cost ratios fall below one are uneconomical and therefore discarded. Usually, as 
the cost increases the incremental benefit/cost ratio decreases. For unlimited budget the 
alternative with the most net benefit is the one with the largest initial cost and incremental 
benefit/cost ratio greater than one. When the budget is limited due to constraint, the order 
of preference is the order from the highest to the lowest incremental benefit/cost ratio. For 
further details of the theory of incremental benefit/cost analysis see Appendix A.2.1. 


2.3 Project Level Analysis 


At the project level the analysis may be carried out at two different levels. 


a) Level (1) Analysis Agency net benefits. 
(Considers only the agency benefits and costs.) 


b) Level (2) Analysis Agency and user net benefits. 
(Considers benefits and costs incurred by both 
the agency and the users.) 
2.4 Parameters Required for Incremental Benefit/Cost Analysis 
The following parameters are required for the incremental benefit/cost analysis. 
- Agency costs 
- Agency benefits 


- User costs 
- User benefits 
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2.4.1 Agency Cost 


Agency costs are the same as the capital costs in Section 1.5.2, Part 1. 


2.4.2 Agency Benefits 


Maintenance and various types of rehabilitations extend the useful life of the bridge. These 
expenditures would postpone major costs for replacement. The difference between the 
Riese value of a rehabilitation option and that of a replacement option is the agency net 
benefitl6]. The agency net benefit plus the present value of the initial cost is the agency 
benefit. 


If PV is the present value of costs associated with a rehabilitation option, and PVR is the 
present value of costs associated with the replacement option. Then, 


Agency net benefit PVR - PV 


Agency benefit PVR -PVz + Cy 


Where C, is the discounted initial cost of the rehabilitation option . 


2.4.3 User Costs 


User costs are costs incurred by the user due to deficiencies or substandard conditions at 
the bridge. The following costs play an important role in determining user costs. 


1) Accident Costs 


Accident Costs result from bridge width or clearance restrictions and poor approach 
alignment and grades. Refer to Appendix A.2.2 for details and methodology for estimating 
accident costs for the different bridge widths. 


2) Functional restriction costs 


The functional restrictions such as load, clearance, etc. impose needs for detours for 
certain class of vehicles. This would increase the travel time and, hence, operating costs. 
This represents a major component of the user costs. The following unit prices are 
suggested for Ontario in determining user costs. 


Vehicle Operating Cost for Trucks - $0.75/km 
Time Cost - $25.00/hour 
Average speed on detour - 20km per hour 


For further details refer to Appendix A.2.3. 
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2.4.4 User Benefits 


User benefits for a bridge rehabilitation option are the reduction in costs to the users due to 
the rehabilitation. In determining user benefits it is assumed that deficiencies will be 
eliminated when the bridge is replaced. figure 2.4.4 illustrates the method used in 
determining user benefits. 


C1 


Costs 
C2 


Fig 2.4.4 - User Benefits 


Where 
N - the period in years considered for life cycle analysis 
C  - the annual user costs before the rehabilitation. 
ny - the year of rehabilitation 
Co - the annual user costs after the rehabilitation 
no - year of replacement 


The user benefit is the present value of the annual benefits of: 


(Cy-Co) fromnytono, and 
C1 from no to N. 


USERBENEFIT 3 _-/ YX 7o2) , Jy _&_ 
oot aera 


n=ny, R=wNo 


= Fe (R2-M\) l x A (N-Rn5) l 
=(C,-C2)4! (l+r) 7 aie (l+r) 
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2.5 Incremental Benefit/Cost Ratio Analysis Using COSBEN Program 


COSBEN is a program developed to perform incremental benefit-cost analysis for bridge 
rehabilitation projects using Lotus 1-2-3, Version 2.01, on a worksheet format. There are 2 
options available to perform the above analysis. 


COSBEN01.WK1 - Level | Analysis Considers only agency costs and 
benefits . 
COSBEN0O2.WK(1 - Level 2 Analysis Considers both agency and user costs 


and benefits . 


2.5.1 Running COSBEN From Floppy Disk Drive 

COSBENO01.WK1, COSBENO2.WK‘1 files are in a directory called COSBEN on the floppy 
disk supplied with this manual. Load Lotus 1-2-3, version 2.01 and retrieve COSBEN 
directory and choose the files as required. 

2.5.2 Running COSBEN From Hard Disk Drive 

Create a subdirectory called COSBEN and copy the two files COSBENO1.WK1 and 


COSBENO2.WK1 into this subdirectory. Load Lotus 1-2-3, version 2.01 and retrieve 
COSBEN to choose the required file. 
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rede oe) INPUT SCREENS FOR COSBEN PROGRAM (PROJECT LEVEL) 


INSTRUCTIONS TO USER: 


During the analysis if you wish to access Instructions to user screen 
or input tables to make changes, do the following : 


INSTRUCTIONS TO USER: alt.h 
INPUT 1 alt.i 
INPUT 2 alt.j 
INPUT 3 alt.k 
INPUT 4 alt.l 
INPUT 5 alt.m 
INPUT 6 alt.n 
Print alt.p 


- alt.a builds up the required Input tables 3,4 & 5 from data 
in INPUT 1 

- Do not press alt.a to do revisions, unless the number of options 
are different. 


INPUT -1- GENERAL 


Region : Bridge #: 
Districte: (start with ~) 
Name of Structure . (max. 14 characters) 
Site Number : (start with ‘) 
Number of Options £ (max 6) 
Discount Rate B (0.06 recommended) 
Number of Rows of entries : (max 50) 
Time period : (normally 50 years) 
COMMENTS : 


- This screen is common to both levels. 
- The Discount Rate must be expressed in decimal form to two places. 
- Number of rows to be entered. These are the rows to be entered 

in INPUT 3. 
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INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


|Treatment 1 |Treatment 2 |Treatment 3 |Treatment 4 | 
Item | | | | | 


| | 
wesseseeeees |>-eosesee=-| 
Design | | 
Construction| | 
Demolition | | 
Right-of-Way| | 
Approaches | | 
| 

| 

| 

| 

| 

| 


es eer 


Utilities | 
Creek Divers| 
Detour | 
Other | 
ene ote ae |------------ 

| 


COMMENTS : 


- This table is common to both levels. 
- Under each Treatment describe the type of rehabilitation or replacement. 
( 2 rows are available for this.) 
- Enter cost estimates for each treatment under the headings shown. 
These headings were chosen to ensure all costs are accounted for. 
- Totals are calculated by the program automatically. 


2-7 


Lo 


ite INT 2a ‘orl 


1 \ a eer 

| | lho a 
: ‘eo ru) f Z : 
: lewa-to 3 
| jae ; 
RSE 

. jeweled ree 
i wos 


1A 
iene ~) | —eeleetininted 
‘v 
inva! a ef eiga 
“ny > lesen oan i 
ee ee es a 


hs . Ue 
roe Ne 


anine? aos 


4 %hactes OCF Hw 


INPUT 3 - FIRST COST DATA 


-Intial cost for each option is entered against the corresponding year at 
which it occurs. 


-If the initial expenditure is immediate then enter year as 0. 


INPUT 4 - LIFE CYCLE COST DATA 


|Year 


COMMENTS : 


- The costs are obtained from Input 2. 
- Enter the year and the costs which occur in that year for each option. 
- The table size will vary according to the number of rows and 

the number of options entered in Input 1. 
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INPUT -5- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 


| Options |Replaceme| Cost | 
| | Year 


ere ew eee eee eee wee ewe ee wee ew eee eee eee ee ee eee ec ee ee ee ee ee eee ee eee emo oe eee 


COMMENTS : 
- Enter Second Cycle Replacement costs in constant dollar terms. 


i.e. the second cycle replacement COST is the same for each 
option, but the second cycle replacement YEAR is different. 


INPUT 6 - USER COST DATA 


| | Option 1 | Option 2 | Option 3 | Option 4 | Option 5 | Optioné | 
J [eseteeeesees oe Poor oe [evosseseees [evoeseseeees | 
al | | | | | | 
| c2 | | | | | | | 
[nt | | | | | | | 
| m2 | | | | | | | 
| | | | | | | 
COMMENTS 


- Input 6 is required only for Level 2 analysis. 

- C1 - the annual user costs associated with the bridge. 

- (C2 - user costs after rehabilitation. 

- ni - the year of rehabilitation. 

- n2 - year of replacement, reduces the annual user costs to zero. 
- N - the period in years considered for life cycle analysis. 
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2.6 Examples of Incremental benefit/cost Analysis 


The example is the selection of the most cost-effective option for a rehabilitation project. 


The project engineer has come up with the following data and options as part of his 
engineering assessment. 


a) Time period to be considered - 50 years 


b) The four options to be considered are as follows: 


Option (1) 


Option (2) 


Option (3) 


Option (4) 


Deck replacement now. 

Year 15 - Mill top surface of asphalt. 
Year 30 - Replace waterproof and pave. 
Year 45 - Mill top surface of asphalt. 


Cathodic protection with anode mesh and concrete overlay and 
waterproof. This will extend the life by 30 years. 

Year 15 - Mill top surface of asphalt. 

Year 30 - Replace deck slab. 

Year 45 - Mill top surface of asphalt. 


Overlay, waterproof and pave. This will extend the life by 
25 years. 

Year 15 - Mill top surface of asphalt. 

Year 25 - Replace deck slab. 

Year 40 - Mill top surface of asphalt. 


Minor rehabilitation to extend the life by 5 years. 
Year 5 - Replace deck slab. 

Year 20 - Mill top surface of asphalt. 

Year 35 - Replace waterproof and pave. 

Year 50 - Mill top surface of asphalt. 


c) The agency and user costs are given in Table 2.6(a) and 2.6(b) 


Table 2.6(a) Life cycle cost data 


[Yrs _[ Option? [ Option? | Option’ | Optiona | 


1,200,000 900,000 300,000 


2,000,000 
200,000 200,000 
200,000 


2,000,000 


2,000,000 
600,000 
200,000 
200,000 
200,00 
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Table 2.6(b) User cost data 


| Option’ | Option2 | Option3__| Options 


The incremental benefit/cost ratio analysis is performed at level 1 and level 2 as shown in 
sections 2.6.1 and 2.6.2 


- 


5 | : 
penton — - 
S69 yn tas engi 


ZO INCREMENTAL BENEFIT-COST RATIO ANALYSIS. 


LEVEL 1 - AGENCY BENEFIT-COST ANALYSIS. 


INPUT -1- GENERAL 


Region : XYZ Bridge #: 2 
District : 99 (start with ~) 
Name of Structure : ABCDO1 
Site Number sBOS=00n (start with ') 
Number of Options : 4 (max 6) 
Discount Rate 2 0.06 (0.06 recommended) 
Number of Rows of entries : 8 (max 50) 
Life Cycle for Replacement : 50 


INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


[Treatment 1 |Treatment 2 |Treatment 3 [Treatment 4 | 
Item | Bridge |Deck Repl. &| O'lay, w.p |Cath. prot. | 
Replacement |Sub. Struc. |Sub. Struc. |Sub. Struc. | 


Design | 500000 | 100000 | 30000 | 100000 | 
Construction| 2750000 | 1000000 | 400000 | 750000 | 
Demolition | 500000 | 100000 | 50000 | 100000 | 
Right-of-Way| | | | | 
Approaches | 250000 | 20000 | 20000 | 50000 | 
Utilities | | | | | 
Creek Divers| | | | | 
Detour | | | | | 
other | | | | | 
| | | | | 
a. ees Mais lac. = 6c) Gee alee: | 
Total | $4,000,000 | $1,220,000 | $500,000 | $1,000,000 | 
INPUT 3 - FIRST COST DATA 
| Option 1 | Option 2 | Option 3 | Option4 | 
|Replacement | | | | 
sesso ae |>veeeeseseee|eseeeeeesees|eseeceeeeees| 
|Year | 0 | 0 | 0 | 0 | 
|Cost | 4000000 | 1220000 | 500000 | 1000000 | 
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INPUT 4 - LIFE CYCLE COST DATA 


|Year | Option 1 | Option 2 | Option 3 | Option4 | 
| [Replacement | | | | 
poe eens cesnen |esseeeeeeee- Poe | 
Or 4000000 | 1220000 | 500000 | 1000000 | 
ies: | | | 4000000 | | 
| 10 | | | | 4000000 | 
| 15 | 300000 | 4000000 | | | 
| 20 | | | 300000 | | 
| 30] 200000 | = 300000 | | 300000 | 
| 40 | | | 200000 | | 
| 50 | | 200000 | | 200000 | 


INPUT -5- SECOND CYCLE REPLACEMENT 
TO DETERMINE RESIDUAL VALUE 


| Options |Replaceme| Cost | 


| | Year | | 
oo oe |--e--02-- | 
ty ee 50 | 4000000 | 
| | | | 
i2 | 65 | 4000000 | 
| | | | 
es 2) Gl 55 | 4000000 | 
| | | | 
os he 60 | 4000000 | 
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OUTPUT -LEVEL 1. 


| Option 1 | Option 2 | Option 3 | Option4 | 
vosseeeeetess |eoeseeseeeee [eceteseeeees feseeeeeeeeee| 
Present Value | $4,160,002 | $2,952,151 | $3,602,019 | $3,296,670 | 
Residual Value | $0 | ($126,543)| ($54,884)| ($95,896) | 


Total Present $4,160,002 | $2,825,608 | $3,547,135 | $3,200,774 | 
Value 


AGENCY BENEFITS 


ween cee eee ee em ee ee ee ee ee ee eee ee ee ee ee ee eee 


| OPTIONS |NET BENEF| COST | BENEFIT | 
| |(Agency) |(Agency) |(Agency) | 


bb 4 0 | 4000000 | 4000000 | 
| 2 | 1334393 | 1220000 | 2554393 | 
| 3 | 612867 | 500000 | 1112867 | 
| 4 | 959228 | 1000000 | 1959228 | 


INCREMENTAL BENFIT-COST RATIO 


| OPTIONS |NET BENE.| COST | BENEFIT | I.c | 1.B | 1.B/I.C | 
| |(Agency) |(Agency) |(Agency) | | | | 
ooo oo oo oo ooo oo ooo | 
| | | | | | | | 
| 3 | 612867 | 500000 | 1112867 | 500000 | 1112867 | 2.23 | 
| 4 | 959228 | 1000000 | 1959228 | 500000 | 846361 | 1569. | 
| 2 | 1334393 | 1220000 | 2554393 | 220000 | 595166 | 2.71 | 
| ae 0 | 4000000 | 4000000 | 2780000 | 1445607 | _—O..52 | 
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COST-EFFECTIVE OPTIONS 


|MOPTIONSSINET* BENE. | ye COSTame| BENEFI fo} 0 TC 9") 1-8) © | ).B/1.¢ | 
| |(Agency) |(Agency) |(Agency) | | | | 
le leesese-s jnuece ig? earings 3 esa oar [Pisa ee ae | 
| | | | | | | | 
| 3 | 612867 | 500000 | 1112867 | 500000 | 1112867 | Zeer | 
| 4 | 959228 | 1000000 | 1959228 | 500000 | 846361 | 1.69 | 
| 2 | 1334393 | 1220000 | 2554393 | 220000 | 595166 | 2.71 | 
OPTIONS DELETED 

[RGPTIONSSINET BENE.| COST "SITBENEFIT |) 1.¢ | 1.8 | I.B/1.c | 
| |(Agency) |(Agency) |(Agency) | | | | 
bea ee eee Petes leeenice Laveen lecar gee | 
| 1 | 0 | 4000000 | 4000000 | 2780000 | 1445607 | 0.52) | 


ADJUSTED I.B/I.C 


| OPTIONS |NET BENE.| COST | 1.B/I.C | 1.B/I.C | 
| |(Agency) |(Agency) | |Adjusted | 
Eee pra Ree Bears te lmaaa | 
| | | | 

3 612867 | 500000 | ec25mI 2.25 | 


959228 | 1000000 | 1.69] 1.69 | 
1334393 | 1220000 | 2.71 | 2.00 | 


> 
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ORDER OF PRIORITY (with unlimited budget) 


For unlimited budget the Engineer should choose the 
option with largest first cost, and 1.B/I.C >1. 


ORDER OF PRIORITY (with limited budget) 


|Order of | OPTIONS |NET BENEF| COST | 1.B/I.C | 
|Priority | | | (AGENCY) | | 
becca leas ee Sree he eae | 
pew’ [es «= 7692867 |e 500000R eee 2-23: | 
[7 2. | + 2 | 1334393. | 122000087" 2200" 
[es TS UY] 959228 | 10000008} © »1-69 | 
hee 2 call bea | 0 | 4000000 | — 0.52 | 
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ral hrs INCREMENTAL BENEFIT-COST RATIO ANALYSIS. 


LEVEL 2 - AGENCY & USER BENEFIT-COST ANALYSIS. 


INPUT -1- GENERAL 


Region : XYZ Bridge #: 1 
District. : 99 (start wi 
Name of Structure : ABCDO2 (max. 14 character 
Site Number OS -O01CmmCS tan celta) 
Number of Options : 4 (max 6) 
Discount Rate = 0.06 (0.06 recommended) 
Number of Rows of entries : 7 (max 50) 
Life Cycle for Replacement : 50 


INPUT -2- COST ESTIMATE FOR EACH TREATMENT 


|Treatment 1 |Treatment 2 |Treatment 3 |Treatment 4 | 


Item |Deck Replace|Resurfacing |Patch, w.p &|Minor Repair| 

| | |pave | | 
coeseseeeees |eseoeseeeeee [esse tetecaes [oeeeeeectees fereeeeeeee | 
Design | 75000 | 20000 | 30000 | l 
Construction} 850000 | 150000 | ~—-_ 320000 | 10000 | 
Demolition | 50000 | 20000 | 35000 | | 
Right-of-Way | | | | | 
Approaches | 25000 | 10000 | 15000 | | 
Utilities | | | | | 
Creek Divers| | | | | 
Detour | | | | | 
Other | | | | | 
| | | | | 

0s tae | nia csc nd ane 
Total | $1,000,000 | $200,000 | $400,000 | $10,000 | 


INPUT 3 - FIRST COST DATA 


were eee ee ee eee ee ee ee eee ee ee ee ee ee ee ee ee em ee ee ee eee ee we 


| | 
| | 

|Year | 0 | 0 | 0 0 | 
| | 


were ee me ee ee et eee mee ee ee ee ew ee ee ee ee ee ee ee eee eee ee ee eee ce ee 
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) INPUT 4 - LIFE CYCLE COST DATA 


ere ee ee eee eee ee ee eee ee ee ee ee ee ee ee eee eee ee ee eee ee eee ee ee eee 


|Year | Option 1 | Option 2 | Option3 | Option4 | 
|>vo2-|oceeeeeeee- |eseeseeeees- [evseseseeee- eee | 
| 0] 1000000 | 200000 | = 300000 | 10000 | 
25. | | | 1000000 | 
fs] 100000 | 1000000 | | | 
| 20 | | | 1000000 | 100000 | 
| 30] 200000 | 100000 | | | 
| 35 | | | 100000 | —- 200000 | 
| 45 | | 200000 | | | 
INPUT -5- SECOND CYCLE REPLACEMENT 

TO DETERMINE RESIDUAL VALUE 
| Options |Replaceme| Cost | 
| | Year | | 
Sia eccns ang eerie tag | 
| 1 | 50 | 1000000 | 
| | | | 
| 2 | 65 | 1000000 | 
| | | | 
| 3 |. 70 | 1000000 | 
| | | | 
| 4 | 55 | 1000000 | 
INPUT 6 - USER COST DATA 
| | Option 1 | Option 2 | Option3 | Option 4 | 
| |evesesesoese eee oes Pees | 
cw | 10000 | 10000 | 10000 | 10000 | 
eae") 0 | 6000 | 4000 | 0 | 
[nt | 0 | 0 | 0 | 5 | 
fen2e | 0 | 5 | 30 | 5 | 
ont | 50 | 50 | 50 | 50 | 
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OUTPUT -LEVEL 2. 


| Option 1 | Option 2 | Option 3 | Option 4 | 
voveseeeecees Peseoeeseeed eeeetcneed Lereecnerneny 
Present Value | $1,076,549 | $649,206 | $624,815 | $814,460 | 
Residual Value | $0 | ($31,636)|  ($37,361)| ($13,721) | 


$1,076,549 | $617,570 | $587,454 | $800,739 | 


TOTAL BENEFITS 


| OPTIONS |NET BENEF| COST | BENEFIT | BENEFIT | 
| |(Agency) |(Agency) | (User) | (Total) | 


| 0 | 1000000 | 157619 | 1157619 | 
| 458978 | 200000 | 99345 | 758323 | 
| 489094 | 300000 | 102559 | 891654 | 
| 275810 | 10000 | 115495 | 401305 | 


FWN 


INCREMENTAL BENEFIT-COST RATIO 


err eow ec ew eee ecw esc ee eee ce eee eee ee coe meme eee ec eww ere cece ee ee ee ee eee eee ee eo ee ee eee ee eee 


| OPTIONS |NET BENEF| COST | BENEFIT | BENEFIT IeB/ tec 
| |(Agency) |(Agency) | (User) | (Total) 


| | | | 

| 4 | 275810 | 10000 | 115495 | 401305 10000 | 401305 | 40.13 | 
| 2 | 458978 | 200000 | 99345 | 758323 | 190000 | 357019 | 1.88 | 
| 3 | 489094 | 300000 | 102559 | 891654 | 100000 | 133330 | 1.33 | 
(eee 0 | 1000000 | 157619 | 1157619 | 700000 | 265965 | 0.38 | 
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COST-EFFECTIVE OPTIONS 


weew eee ew wee ee we eee ee ee eee eee eee ee eee ee eee eee ee eee ee eee ee ee ee ee ee ee ew ee ee we ee ee ee 


| OPTIONS |NET BENEF| COST | BENEFIT | BENEFIT | I.C 
| |(Agency) |(Agency) | (User) | (Total) | 


| | 

| 4 | 275810 | 10000 | 115495 | 401305 | 10000 | 401305 | 40.13 | 
| 2 | 458978 | 200000 | 99345 | 758323 | 190000 | 357019 | 1.88 | 
| 3 | 489094 | 300000 | 102559 | 891654 | 100000 | 133330 | 1.33 | 


OPTIONS DELETED 


eee eee eee ce ee eee ee eee ee eee ee ee eee ee ee ee eee ee eee ee eee ee ee ee ee ee ee ee ee ee ee ee eee ee ee 


| OPTIONS |NET BENEF| COST | BENEFIT | BENEFIT | I.C Rega: [eI B7 EC, | 
| | |(Agency) | (User) | (Total) | | | | 
ae be wee ae ae a eae Be | 
| | | | | | | | | 
| 1 | 0 | 1000000 | 157619 | 1157619 | 700000 | 265965 | 0.38 | 


ADJUSTED I.B/1.C 


ec eee ee ee eee ee ee ee ee eee ee ee ee ee ee ee ee eee ee eee cee eee 


| OPTIONS |NET BENEF| COST | 1.B/I.C | I.B/1.C | 
| | (Age+Use}| (Agency) | | (adjusted| 


| | | | 
| 4 | 391305 | 10000 | 40.13 | 40.13 | 
| 2 | 558323 | 200000 | 1.88 | 1.88 | 
| 3 | 591654 | 300000] 1.33 | 1.33 | 
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ORDER OF PRIORITY (with limited budget) 


For unlimited budget the Engineer should choose the 
option with largest first cost, and 1.B/I1.C >1. 


ORDER OF PRIORITY (with limited budget) 


were eet eee ee ee ee ee eee ee ee ee ee ee eee ee eee ee eee ee ee ee ee 


|Order of | OPTIONS |NET BENEF| COST | 1.B/I.C | 
|Priority | | (Age+Use}| (Agency) | | 
ae a natgroe Pag Forcier aes ii | 
| 1 fail | 391305 | 10000 | 40.13 | 
) aig | 2 | 558323 | 200000 | 1.88 | 
hope) as | 591654 | 300000 | 1235. | 
jouulead | 1 | 157619 | 1000000 | 38 | 
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A.2.1 Theory of Incremental Benefit/Cost Ratio Analysis[6] 


The incremental benefit/cost ratio is the ratio of the additional benefits realized in moving 
from one improvement alternative to another, divided by the corresponding difference in 
costs. This method not only optimizes the selection of alternatives efficiently but also ranks 
the projects beginning with the most net beneficial. It is used both at the project and 
network levels. 


Figure A.2.1(a) shows the total benefit and first cost curves plotted for the various 
alternatives for a bridge. Initially, the increment of benefit is higher than the increment of 
cost. As costs increase the incremental benefits decline and are less than the incremental 
costs. The slopes of these benefits and first cost curves support the theory of diminishing 
returns. For a particular level of improvement there exist points on the benefit and cost 
curves, where the slopes of the two curves are equal, ie. 1.B = I.C. At this level of 
improvement the net benefit is a maximum. This is evident from figure A.2.1(b). Any option 
below this level where 1.B/I.C > 1 is a desirable option. 


The procedure is to list rehabilitation alternatives in the order of increasing costs and 
calculate the incremental benefit/cost ratios. One of the alternatives considered should be 
the replacement alternative. If one of the alternatives is do nothing, then a reasonable sum 
for maintenece cost should be identified as the first cost. Alternatives for which the 
incremental benefit/cost ratios fall below one are discarded. Usually, as the level of cost 
increases the incremental benefit/cost ratio 1.B/Il.C decreases. However, if the ratio I.B/I.C 
should increase with increase in cost then that particular option is ignored and the 
incremental benefit/cost ratio is recalculated by considering the remaining options. This is 
called the adjusted incremental benefit/cost ratio. This adjustment is is not repeated if the 
ratio 1.B/1I.C should still increase. The options are sorted in descending order of |.B/I.C. 
For an unlimited budget the most net beneficial alternative is the one with the largest initial 
cost and whose incremental benefit/cost ratio is greater than or equal to one. For a limited 
budget the preference is the option which could be carried out with the available budget 
and whose incremental benefit/cost ratio is > 1. 
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Fig A.2.1(a). Total benefits and first cost. 


Economical — Uneconomical 
options — options 
Net 
Benefit 
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benefit 
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Level of improvement 


‘Fig A.2.1(b) Net benefits. 
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A 2.2 Costs Associated with Reduction in Accident Rates. 


The reduction in the number of accidents due to a certain type of improvement is used as a 
measure of user benefit for that type of improvement. 


The effect of bridge width on accident rates is shown on figure A.2.2. These data were 
compiled from statistics from some states in U.S.AI7]. In the absence of local data these 
accident rates may be used in the analysis. 


Annual User Benefits (from widening) 


= (change in accident rate)*(ADT)*(365)* (Accident cost) 


Bridge width vs Accident rate 
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The accident costs depend on the severity of the accident. It is very difficult to place a 
dollar value on accidents. The dollar value placed on different types of accidents is crucial 
in estimating user benefits. 

Several attempts have been made to quantify these. The two common methods are 


a) Human capital approach 


b) Willingness to pay approach 


Table A.2.2 gives accident costs estimated by both methods. These figures are adapted 
from a study done in United States[8]. They are adjusted to 1988 Canadian dollars. 


Table A.2.2 Estimated Accident Costs. 
Willingness-to-pay Human capital 
Approach Approach 
Type of Cost per Cost per 
accident accident accident 
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A 2.3 Costs Associated with Functional Restrictions. 


User costs associated with a functional restriction are determined by the length of time that 
the restriction has existed. If a bridge is subjected to functional restrictions due to 
substandard conditions, such as load or clearance restrictions, then there is a need to 
detour for certain classes of vehicles. 


The example given below illustrates the calculation of user costs. 


- Average daily truck traffic (ADTT) = 1000 

- Vehicle operating cost = $0.75 per km 
- Operator cost per hour = $25 

- Length of detour = 2.5 Km 


- Average speed on the detour 


20 km per hour 


- Percentage of the trucks that must use = 15% 
the detour 
User cost per km = $ { 25/20 + 0.75 } 
= $ 2.00 
User cost per year => {1000FE{O 15} 51 25%{ 2:5) 41365} 
= § 273,750 


Some rehabilitation options will partly or wholly remove this deficiency. User cost saving 
resulting from a rehabilitation option is equal to the annual user benefit. 
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PART 3 -- INCREMENTAL BENEFIT/COST RATIO ANALYSIS 
-- NETWORK LEVEL -- 
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Part 3 


3.1 


3.2 


3.3 
3.4 
3.5 


3.6 


3.7 
3.8 


- Incremental Benefit/Cost ratio Analysis - Network Level 


Scope 


Principles of Incremental Benefit/Cost Ratio Analysis at the Network 
level. 


Network Level Analysis 

Parameters Required For Incremental Benefit/Cost Ratio Analysis 
Incremental Benefit/Cost Ratio Analyis Using COSBEN Program 
3.5.1 Running COSBEN from floppy disk drive. 

3.5.2 Running COSBEN from hard disk drive. 

3.5.3 Input Screens - COSBEN PROGRAM (NETWORK) 


Examples of Incremental Benefit/Cost Ratio Analysis 
3.6.1 Network 1 Analysis 


Regional Network Level Analysis 


Provincial Network Level Analysis 
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3.1 Scope 


At the Network Level the Incremental Benefit/Cost Ratio Analysis is used to allocate 
resources among bridges at different locations. Bridges are ranked in priority in 
descending order of incremetal benefit/cost ratios. 


3.2 Principles of Incremental Benefit/Cost Ratio Analysis at Network level. 

At the network level several bridges are considered in determining an order of priority in 
which funds should be allocated to them. The goal is to select a combination of bridge 
improvements that yields the maximum net benefit within an available budget. 
Cost-effective options at the project level at each location are used as input for the net-work 
analysis. These are sorted according to decreasing order of their incremental benefit-cost 
ratios. The alternatives are chosen from the highest to the lowest incremental benefit-cost 
ratios. The corresponding costs are accumulated to determine which alternatives should be 
included in the budget. 

3.3 Network Level Analysis 

At the network level the analysis may be carried out at two different levels. 


a) Level (1) Analysis With limited budget. 


b) Level (2) Analysis With unlimited budget. 


3.4 Parameters Required For Incremental Benefit/Cost Ratio Analysis 


The parameters for network analysis are the same as those for project level analysis given 
in section 2.4. 


3.5 Incremental Benefit/Cost Ratio Analyis Using COSBEN Program 


COSBENO3.WK1 is a program developed to perform the incremental benefit-cost ratio 
analysis for bridge rehabilitation projects at the network level using Lotus 1-2-3, Version 
2.01, on a worksheet format. The analysis can be performed either for limited or unlimited 
budgets. Both options use the same program. The only difference is that the input for 
unlimited budget is a large number, ( $ 1,000,000,000). 


Incremental benefit/cost ratios that are equal to or greater than one for each bridge, 


calculated at the project level, are used as input to COSBENO3.WK1 program to carry out 
the network analysis. The Engineer must decide if user benefits are to be considered in the 
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network analysis. If user benfits are to be considered at the network level, then the project 
level analysis should include user benfits for all bridges. User benfits for bridges with no 
functional restrictions will be zero. 


3.5.1 Running COSBEN From Floppy Disk Drive 

COSBENO3.WK1 is in the same COSBEN directory which contains COSBENO1.WK1 and 
COSBENO2.WK‘1 files. This floppy disk is supplied with the manual. Load Lotus 1-2-3, 
version 2.01 and retrieve COSBEN directory and choose the files as required. 

3.5.2 Running COSBEN From Hard Disk Drive 

Create a subdirectory called COSBEN and copy COSBENO3.WK1 together with the two 


files COSBENO1.WK1 and COSBENO2.WK71 into this subdirectory. Load Lotus 1-2-3, 
version 2.01 and retrieve COSBEN to choose the required file. 
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3.5.3 INPUT SCREENS FOR COSBEN PROGRAM (NETWORK LEVEL) 


INSTRUCTIONS TO USER: 


During the analysis if you wish to access Instructions to user screen, 
input tables to make changes or print, do the following : 


INSTRUCTIONS TO USER: alt.h 
INPUT 1 alt.i 
INPUT 2 alt.j 
INPUT 3 alt.k 
Print alt.p 


- alt.a builds up the required Input tables 2 & 3 from data 
in INPUT 1 

- Do not press alt.a to do revisions, unless the number of options 
are different. 


INPUT -1- GENERAL . 


Region 
Number of Bridges 
Total # of Options 


Available Budget = (For unlimited budget 
input 10,000,000,000) 


wee ee em em ee ee ee ee eee ee em ee ee ee em ee em ee em ee em ee ee ee ee em meme ee ew ee eee ee eee ee eee 


COMMENTS : 


- This screen is common to both levels. 
- If you wish to make changes in the above data type alt-i. 
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INPUT - 2 - BRIDGES 


| Site # | Bridge | 


eee ee ew eee wee ee eee wee ee eee oe ee eee eee eee ee eee ee ee ee ee ee ee ee ee ewe ee ee 


- Bridge # is automatically entered when alt.a is executed. 
- Enter the site # with a ('). 


INPUT - 3 DATA from COSBENO1.WK1 or COSBENO2.WK1 


|. Bridge | Options | Net fe First (eieB/I.C | 
| # | # | Benefit | Cost | | 
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- Copy the data from the order of priority output from 
COSBENO1 or COSBENO2 to enter the values in the respective 
columns for each bridge. 
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3.6 Example of Incremental/ benefit cost ratio analysis at Network level 


For a budget limitation of $7,000,000, prioritize the various options for the eight bridges 
shown in Table 3.6. The data shown in Table 3.6 is obtained from the output of 
COSBENO2.WK1. Some of the options considered at the project level analysis have been 
discarded as uneconomical options. For example, five options were considered for bridge 
#1, options 1 and 3 were discarded since they were uneconomical. 


Table 3.6 - Input Data 


Bridge # Net benefits First cost 1.B/I.C 
(in 1000’ $) (in 1000’ $) 
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SO! INCREMENTAL BENFIT-COST RATIO ANALYSIS. - NET WORK ANALYSIS 


INPUT -1- GENERAL 


Region : CENTRAL 

Number of Bridges : 8 
Total # of Options : 24 
Available Budget : 7,000,000 


INPUT -2- BRIDGES 


| Site # | Bridge | 
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INPUT -3- DATA from COSBENO1.WK1 or COSBENO2.WK1 


| Bridge | Options | Net | First [PicB/1.C | 
| # | | Benefit § | Cost | | 
| 1 | 2 | 950000 | 100000 | 10.5 | 
| thea 4 | 1550000 | 500000 | 252) 
| Al 5 | 1850000 | 2000000 | te2:4 
| 2 24] 1100000 | 200000 | 6.5 | 
| 2 | oa 1925000 | 750000 | 255°] 
| 3 | 5" | 800000 | 250000 | 4.2 | 
| 34 2% 1400000 | 500000 | 3.4 | 
| 3 | 4 | 1580000 | 800000 | 4.651 
| 4 | 2 | 1640000 | 200000 | G25} 
| 4 | 4 | 2660000 | 500000 | 4.4 | 
| 4 | 5 | 2810000 | 1000000 | 1.3) 
| 53a rig | 2300000 | 200000 | so 
| | 3a] 3620000 | 500000 | 5.4 | 
| 54 5 | 4520000 | 750000 | 4.6 | 
| 6 | <f! 2320000 | 400000 | 6.8 | 
| 6 | 2 | 3020000 | 600000 | a. 50| 
| 6 | 4 | 3680000 | 900000 | Sa. 
| 7 | 2a 1725000 | 250000 | 7.9 | 
| vel of || 2425000 | 450000 | 5) | 
| 74) 5 | 2650000 | 1200000 | 3°) 
| 8 | eal 4380000 | 300000 | 15-6 | 
| 8 | 3 | 5395000 | 650000 | 3.9 | 
| 8 | Si 5695000 | 850000 | 250) 
| 8 | 4 | 5845000 | 1600000 | 1-25] 
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OUTPUT - NETWORK ANALYSIS 


| Bridge | Options | Net [eeFAGSten|oi8/1.C: | 
| # | | Benefit | Cost | | 
| 8 | 2 | 4380000 | 300000 | 15.6 | 
| 5 | 2 | 2300000 | 200000] ~=12.5 | 
| 1 | 2 | 950000 | 100000 | 10.5 | 
| 4 | 2 | 1640000 | 200000] ~—i9.2 | 
| 7 | 2| 1725000 | 250000 | 7.9 | 
| 6 | 3 | 2320000 | 400000] 6.8 | 
| 2 | 2 | 1100000 | 200000] 6.5 | 
| 5a 3 | 3620000 | 500000] 5.4 | 
| 5 | 5 | 4520000 | 750000 | 4.6 | 
| ve | 3 | 2425000 | 450000] 4.5 | 
| 6 | 2| 3020000 | 600000] 4.5 | 
| 4 | 4 | 2660000 | 500000 | 4.4 | 
| 3 | 5 | 800000 | 250000] 4.2 | 
| 8 | 3 | 5395000 | 650000| ~=—3.9 | 
| 3 | 2 | 1400000 | 500000 | 3.4 | 
| 6 | 4 | 3680000 | 900000 | ~—'3..2 | 
| 1 | 4 | 1550000 | 500000] ~—2.5 | 
| 8 | 5 | 5695000 | 850000 | ~—_2.5 | 
| 2 | 3 | 1925000 | 750000 | 2.5 | 
| crf 4 | 1580000 | 800000 | 1.6. | 
| 7 5 | 2650000 | 1200000 | hel 
| 4 | 5 | 2810000 | 1000000 | Le | 
| 1 | 5 | 1850000 | 2000000 | ea 
| 8 | 4 | 5845000 | 1600000 | 12) | 
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Cost-Effective Projects With Available Budget 


|Order of | Site # | Bridge | Options | Net (euricstes |Miebys IC; | 
|Priority | | # | # | Benefit | Cost | | 
[ore pte=265 «| 5 | 5 | 4520000 | 750000 | 4.6 | 
|Maezr ae | O72243 | 6 | 4 | 3680000 | 900000 | B22) | 
(hast G)/12-001 4 | 1 | 4 | 1550000 | 500000 | 2 Sal 
| 4 | 09-193 | 8 | 5 | 5695000 | 850000 | 22 Saal 
| 5 | 23-546 | 2 | 3 | 1925000 | 750000 | 2.5 | 
| 6 | 45-234 | 3 | 4 | 1580000 | 800000 | 1.6 | 
(me 7aeee| 12-567 | 7a) 5 | 2650000 | 1200000 | ieee 
| 8 | 03-123 | 4 | 5 | 2810000 | 1000000 | Asal 

Budget spent $6,750,000 

Balance $250,000 
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3.7 Regional Network Level Analysis 


Each region can carry out the regional network level analysis, using the data for bridges in 
its Own region without input from the other regions. 


3.8 Provincial Network Level Analysis 


The Provincial network level analysis would have to be carried out at the Head Office by the 
Bridge Management Section or by the Capital Highway Planning Office. The data from the 
Regional network analysis would have to be made available to the office responsible for the 
analysis. The procedures for this analysis and the use of the results have not been finalized 
yet. 
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Transportation 
Ontario 


Please use this card to advise us of your new address, and if you wish to continue receiving revisions for your manual. 
Your comments on our manuals and our services are welcomed. 


Instructions: Complete this card, and return it to the address on the reverse side. Please place the proper postage on the card before mailing. 


Ministry 
of CHANGE NOTICE 
Transportation 
Ontario 
Title of Publication No. Copies 
ADDRESS: Moving date 
Name 
Old Address 
Number Street Suite/Apt. 
City Province Postal Code 
New Address 
Number Street Suite/Apt. 
City Province Postal Code 
MANUAL REVISIONS: L] Continue forwarding revisions for my manuals) 
L] Revisions for my manual(s) are no longer required [_] Reduce the number of revisons to _________ copies 
COMMENTS: 
Date Signature 
Ministere 
des ATTENTION 
Transports 
Ontario 


Veuillez utiliser cette carte pour nous aviser de votre nouvelle adresse et si vous voulez continuer de recevoir les révisions 
de vos manuels. Vos commentaires sur nos manuels et nos services sont les bienvenus. 


Directives: Complétez cette carte et retournez-la a |'adresse indiquée au verso. Veuillez affranchir suffisamment. 


, Sees AVIS de CHANGEMENT 


Transports 
Ontario 


Titre de la publication N©re de copies 


Adresse: Date de déménagement 


Nom 


ancienne adresse 


numéro rue local/app. 
 Municipalité Province code postal 
nouvelle adresse 
numéro rue local/app. 
Municipalité Province code postal 
REVISIONS DE MANUEL(S): L] Continuer les révisions mon(mes) manuel(s) 
L] Les révisions de mon(mes) manuel(s) n’est plus nécessaire L] Réduiser le nombre de révisions 2 ________ copie(s) 


Commentaires: 


Date = Se eee ee ee eee Signature 


Please 
Affix 
Postage 
Here 


Business Reply Mail 


Ministry of Transportation 
Administrative Services Office 
Lower Level, East Building 
1201 Wilson Avenue 
Downsview, Ontario 

M3M 1J8 


Affranchir 
ici 


Correspondance - Réponse d'affaires 


Ministere des Transports 

Bureau des services administratifs 
1201, avenue Wilson 

Edifice est, rez-de-chaussée 
Downsview (Ontario) 

M3M 1J8 


